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PURPOSE OF INVESTIGATION 


Lemon, orange, and grapefruit residue, thousands of tons of which 
are discarded each year at citrus by-product factories, consists 
principally of peel, pulp, and seeds. From 1.5 to 3 per cent of such 
residue, depending upon the ripeness of the fruit, is pectin, which 
occurs largely as pectose, an insoluble material, in the covering of 
the intercellular walls of the peel. 

Pectin is a necessary constituent of jellies and marmalades. When 
any fruit lacks enough pectin to form a jelly, the quantity re- 
quired to supply the natural deficiency may be added to the jelly 
stock. The principal source of commercial pectin used in this way 
has been apple pomace from vinegar factories, but, according to Will 
(60)? and Zoller (61), the possibilities of producing pectin from _ 
citrus fruit by-products are great. The simple method used in 
making apple pectin, which consists in dissolving out the pectin 
from the apple pomace with hot acidulated water and then concen- 
trating it to a viscous sirup, can not be satisfactorily applied to citrus 
residues. The oils and bitter principle in citrus peel impart a dis- 
agreeable bitter taste to the product, making it necessary to either 
remove them or precipitate the pectin from the solution. 

The properties of citrus pectin were studied in the Bureau of 
Chemistry and methods for its production on a commercial scale 
were evolved. The results of this work are reported in the following 


pages. 


15. M. Chace, chemist in charge, laboratory of fruit and vegetable chemistry, supervised the work here 


reported. 
7 Italic numbers in parentheses refer to the bibliography on p. 16. Not all of the articles there listed, 
however, are referred to in the text; several were published after the work here reported was completed. 
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RESULTS OF PREVIOUS INVESTIGATIONS 


Pectin was discovered in 1825 by Braconnot (6). Since then the 
chemistry of pectin and its related compounds has been the subject 
of extended research. Czapek (18), von Lippmann (36), Grafe (1), 
Beilstein (4), and Tollens (40) have summarized these investigations. 
Bigelow, Gore, and Howard (5) give a review, with an extended bibli- 
ography, of the work done up to 1905. More recently Ehrlich (20), 
Oden (59), and Fellenberg (24) have published work on this subject. 

Confusion in designating substances of a pectinous nature has 
always existed. J ellenberg’s exhaustive research helps to clarify the 
matter by giving the relations between the compounds. All pectinous 
materials are derived from pectose, or protopectin, an insoluble 
substance which forms the covering of the intercellular walls and 
middle lamella of unripe and some ripe, but no overripe, fruit. 
During the ripening of the fruit, pectose is converted into soluble 
pectin by the action of enzymes. ‘This action may be produced also 
by boiling the fruit with water, the change occurring more rapidly 
when a weak organic acid solutionis used. According to Rellanharey 
this reversible colloid should have the formula C,,H,,,O0,,, not that of 
a true carbohydrate. Earlier investigators suggested formulas 
which also lack the number of hydrogen atoms requisite for a car- 
bohydrate. 

Pectin is closely related to starch and the plant gums and is usually 
classed as a polysaccharide. When mixed under certain conditions 
with sugar, acid, and water it produces a jelly and, with an excess of 
alcohol, precipitates from solution. As fruit rots, the pectin is 
changed to pectic acid by an enzyme (pectase), an action which also 
may be produced by treating pectin in the cold with dilute sodium 
hydroxide. Fellenberg found that methyl alcohol was split off 
during this change and since then Tutin (6/) has shown that acetone 
is produced. Fellenberg considers pectin to be the methyl ester of 
pectic acid, containing eight carboxyl groups. Pectic acid is only 
slightly soluble in water and will not form a jelly with acid and 
sugar. Upon treatment with acids it breaks down into arabinose, 

alactose, galacturonic acid, and other compounds. Gaertner (26) 
ound that sugar-beet mare contained a large proportion of pectose, 
which was converted into pectin upon boiling with water. From 
the pectin he obtained pectic acid and from the pectic acid, galactose 
and galacturonic acid. Weisberg (46) and Wilhelmj (69) have also 
worked with pectin from sugar beets. Carré (12) has shown that 
pectin in apples reaches a maximum during the process of ripening 
and gradually decreases as the fruit becomes overripe. These results 
show that only good sound fruit, not too ripe, should be used for 
the commercial production of pectin; in fact, unripe fruit is better. 


METHODS FOR DETERMINATION OF PECTIN 


The method of the Association of Official Agricultural Chemists 
for alcohol precipitate in fruits and fruit products (2) was not satis-_ 
factory in working with solutions which contained a large proportion 
of pectin, because gums and other alcohol-insoluble substances were 
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precipitated by the high percentage of alcohol used, and it was diffi- 
cult to completely wash out the sugars, acid, and soluble material. 
Campbell’s method (10) also requires a large excess of alcohol. 

After many experiments, the following method was adopted: 
Filtered pectin solution (50 or 100 cc.) was added to 1144 volumes 
of 95 per cent alcohol, allowed to stand overnight, and filtered on a 
qualitative filter paper reinforced with a hard filter paper, using re- 
duced pressure. The precipitate was washed with 100 cc. of 60 per 
cent alcohol, followed by about 200 ce. of 95 per cent alcohol, removed 
from the filter while wet, and dissolved in about 40 cc. of water. The 
solution was reprecipitated and washed as before, finally using a 
little ether. The precipitate was removed fromthe filter, dried in a 
water oven for 4 hours, weighed, ignited, and reweighed. 

Although probably not as accurate as Fellenberg’s pectic acid 
method (23) and the more recently published methods of Wichmann 
and Chernoff (57) and Carré and Haynes (13), the method was 
rapid and gave comparable results. 


PRELIMINARY EXPERIMENTS 


The literature contains many methods for the preparation of pectin 
in small quantities for the study of its chemical composition, but little 
on the details for commercial production.. Many of the methods 
given produce pectic acid and related compounds instead of pectin 
(54). In a series of preliminary experiments, the methods of Hunt 
(34), Magoon and Caldwell (38), Schryver and Haynes (43), and 
Clayson, Norris, and Schryver (75) did not yield pectins suitable for 
making fruit jellies. 

Vauquelin (55) in 1829 precipitated pectin from solution with 
alcohol, and Frémy (25) in 1840 produced powdered pectin with alco- 
hol. Caldwell (9) concentrates the pectin solution by freezing and 
then precipitates it with alcohol. 

The identity of the bitter principles in the peel of lemons and or- 
anges grown in the United States is not well established. The gluco- 
side naringin, found by de Vry (48) to be the bitter principle in grape- 
fruit (Citrus decumana), does not occur in other citrus fruits. The 
bitter glucosides isohesperidin and aurantiamarin have been found in 
some varieties of orange by Tanret (47), while the nearly tasteless 
glucoside hesperidin is present in practically all citrus fruits except 
grapefruit (49). Attempts made to destroy the bitter principles in 
the pectin extracts by means of enzymes or to remove them with 
chemicals were unsuccessful. In making pure pectins several in- 
vestigators have first washed the pectin-containing material, either 
before or after drying, with alcohol, acetone, and ether. This re- 
moves impurities, including the bitter principles from citrus residues, 
but requires a large quantity of solvent. 

Pectin extracts were dialyzed in collodion sacs in several changes 
of cold water until all of the acid and bitter principle had dialyzed. 
Although about 90 per cent of the solids not pectin dialyzed, at least 
50 per cent of the pectin passed through the membrane (Table 1). 
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TaBLE 1.—Composition of lemon pectin extracts before and after dialysis in 
collodion sacs 


Composition 
sh Total Acid N 
ot cid as : onpec- 
solids Ash citrie | Pectin | tin solids 


mt | Per cent | Per cent 
3. 47 


Before dialysis 0. 30 0. 73 

After dialysis: 
Sae Logi ae ge. oe eR Rae eee eae ati OOM Sites 46 ~ol 
S80 2255 eae Ce See eee BO Sig eee ee 81 OSs) teers ead ZoD . 46 
Sees 4.26 fo dees Pe ee Sots SC SE ee A ee eee , are Shs ot Bae 


Two lots of orange pectin extract were dialyzed in a small osmogene 
designed by Poore (41), using tap water heated to 75° C. Lot 1 
(38 liters) was dialyzed for 168 hours, although the extract and tap 
water were in motion for only 45 hours. Lot 2 (72 liters) was 
dialyzed for 190 hours, with the extract and water in motion for 47 
hours. The results are shown in Table 2. 


TABLE 2.—Composition of orange pectin extracts before and after dialysis in 
osmogene 


Composition 


Pectin Nor 


Total Acid as . : 
p Ash Anas Pectin pectin 
solids citric solids 


Lot 1: Per cent | Per cent | Per cent | Per cent | Per cent 
Before:diahysis. 3.4222 siesta hence 0. 38 0. 27 0. 97 5. 52 
IATGET CIAL WSIS 2 2). ee Sone fae pat se ee es ee 1. 83 . 09 . 06 . 61 1. 22 

Lot 2: 

Beforeidialysis.. 2.42: $24 ates 2 Ae eae ee ee 2.53 .19 «15, ah 1.76 
] 


Aiter dialysis_.; 222.2. 0 =22.* See eee eee | .o7 13 . 05 - 51 1.06 


Jellies made from the concentrated dialyzed extracts were poor 
in taste and appearance. The experiments showed that until a 
membrane less permeable to pectin and with a greater speed of 
dialysis for the other constituents is produced, the dialysis method 
will not be satisfactory. It is cei htes however, that the electro- 
osmotic purification method of Schwerin (U. S. Patent 1,235,064), 
as applied to glue, gelatin, and other colloidal substances, would be 
practicable. 

By agitating several 110-kilogram lots of finely-ground residue in 
running water under various conditions, it was possible to remove 
neatly all of the bitter principles. About half of the pectin dissolved, 

owever. 

If ethyl alcohol, one of the cheapest and best organic precipitants 
of pectin, is used, the pectin extract must be concentrated as far as 
practicable in order to avoid using too much. Powdered pectin 
was treated with alcohol of different strengths at room temperature 
for two days, and at 60° C. for two hours. At least 60 per cent 
alcohol by volume, or 54 per cent by weight, was necessary to pre- 
cipitate all of the pectin from solution. 


& 
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METHODS OF EXTRACTION 


During the course of the work, the quantity of pectin obtained by 
extracting at different temperatures with solutions containing 
various pércentages of citric acid was determined several times. 
The sample was heated with three times its weight of solution for 
two hours and filtered, and the residue was repeatedly extracted 
until only a trace of pectin was obtained, five or six extractions being 
sufficient. The jellying quality of the pectins varied decidedly, 
depending upon the treatment. 


TABLE 3.—Effect of acidity and temperature on quantity of pectin extracted 


| 
‘Acidity of 


Sample Weight of| solution | Temper- | Pectinin 

No. Material sample | (eitric ature | material 
acid) 

| Grams | Per cent 26 Per cent 

a0) Peel.from) frozenjlemons.-)..25 +. 20-14 ASS) = | . 02 1. 53 

Sebel irait Oven OFANEES 22220 8 RS a 200 . 02 98 1, 28 

~ ESSE cin abe y 272) Rea ial Se eae eee, See ers Pam eS 200 | . 02 98 1, 48 

MBM ET SIOUIE® ose. ek io ee Pe 8 oe ae . ye a 1.95 

| 3 2.01 

200 | . 02 125 2. 50 

5 | Orange peel__..------------~-------------------------- 200 ‘Ol 110 2. 63 

100 . 02 110 Q20 

P (GTSRCECOA TES fo (7a a eS ee i: - 06 8 2.73 

nna ena { 200 “64 98 ol 

8 | OD PTE 4 oi Sie { a7 is BS Z pe 


The percentages of pectin in the samples analyzed (Table 3) de- 
pend largely upon the maturity of the Be Higher results would 
probably have been obtained on samples 1 to 6, inclusive, if the 
acidity of the solution had been increased. 

A series of experiments on the extraction operation was made to 
determine the effect of temperature, time of heating, and acidity on 
the quantity and quality of the product. The following jelly test 
to determine the quality of pectin was adopted: 

Thirty-one grams of sucrose was placed in a 150 ce. beaker with 
19 ce. of distilled water and 0.25 gram of citric acid. The solution 
was brought to boiling, which in this case took 244 minutes. The 
flame was then removed and a known weight of the dry pectin was 
dissolved in 6 cc. of water and added to the contents of the beaker. 
The solution was boiled gently for a minute. The beaker was then 
left overnight, after which the character of the jelly was noted. 

If, according to Goldthwaite’s standard (28), it was tender enough 
to cut easily and yet so firm that the angles produced retained their 
shape, and was not sirupy, gummy, sticky, or tough, it was con- 
sidered a good jelly. Otherwise the test was repeated, using a differ- 
ent quantity of pectin. 

As about 7 cc. of water evaporated during the test, the quantity 
of jelly obtained remained at a standard weight of about 50 grams. 
The rate of boiling and the quantity of water used should be regu- 
lated to give the standard weight. The weight of pectin used, 
divided by the weight of jelly obtained, gives the percentage of pectin 
required for a good jelly, 
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When dissolved in water, pectins of high-jellying quality produced 
a yery viscous solution, while the inferior pectins showed only a 
slight viscosity. Check tests using two and four times the quan- 
tities of acid, pectin, etc., gave the same results. 

Table 4 shows the results obtained by one extraction of five 370- 
gram samples of finely ground lemon peel, with a 0.1 per cent citric 
acid solution, varying the heating period. 


TaBLe 4.—Results of a single extraction of lemon peel with 0.1 per cent citric acid, 
varying the time of heating 


Sample | Temper-| Time of | Pectin 
No. ature heating | in peel 


lbs Minutes | Per cent | Per cent 
0. 


1 98 15 73 0.3 
2 98 45 1. 24 -3 
3 98 75 1.65 .4 
4 98 120 2. 10 4 
5 70 240 84 -3 


Table 5 gives the results of two 3-hour extractions of two 680- 
gram samples of lemon peel, varying the acidity. 


TaBLe 5.—Results of two 38-hour extractions of lemon peel at 70° C., varying the 


acidity 
Acidity : Pectin 
Sample Extraction Citric | Pectin | tog 
good 
No. acid) n peel lly 
Per cent | Per cent | Per cent 
AG) Firsts co foe ee rene ee ee ee se Se eee en oe 0.09 0. 5 
12) Second..225 223. 222 ee SEE PBA) Epes Ore . 04 .32 5 
ZT AED Oh! 2) eee EE ee ee ee PRS Ne Leh el ENS eR SO eee . 36 46 4 
Pd led i 610) 11 Ap SR eee dee EA Oe ee ee a OT 57 3 


The results of two half-hour extractions of a 330-gram lot of lemon 
peel, using distilled and tap water, are given in Table 6. 


TABLE 6.—Resulis of two half-hour extractions of lemon peel with 0.5 per cent 
citric acid at 98° C., using distilled and tap water 


, Pectin for 
Sample . Pectin 
a Extraction Water in peel ; es 


Se ee ee ee eee 


Tole Rirst 5.0 228 ad Ss Sek ee ee re gt IDistiled: ¢ 2 sa eae 0 2 
1 Seconds. _.:i42628M 224 PES oe CAA don 24) 335 RE RS 1.44 33 
Ot) Wirshovs ce: ob Stee ee See ca "Rapsceeescthallie zeigt 1.20 3 
DAE SOCONG. 2a oS oye eee ee ee ee ee ate Soe (0:22 72222 ee Zo AS 


To ascertain the effect of low acidity on the quality of the product, 
a 1,950-gram lot and a 470-gram lot of orange Le were extracted 
twice at 98° C., with varying proportions of acid. 


a . a 
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TaBLE 7.—Results of two three-quarter-hour extractions, of orange peel at 98° C., 
varying the acidity 


a 
Acidity i Pectin for 
Extraction (citric Pectin a good 


acid) | 19 Peel | “jelly 


ee — | | | 


Lot 1: ; Per cent | Per cent | Per cent 
[LDS Pee as ie ae Rg. And ape aoa [aU TR CRD ee ON At Me EPR 0.03 0.43 0. 60 
SET TTG b he Ee RR es eS I GIT peers tee, Mp SR BF 28 CN eee .01 1.16 2. 20 

Lot 2: 

JTRS ie es es SE eel Sie ee. epee Da. Burd Coleepip epee BEER & SN pT SSRN See sige gas . 29 . 90 .31 
SE DTG bee ee rates aetna a el A aye a 5 al cea Apa ESE ae! Sane eae Oy .10 1. 60 . 34 


The results up to this point indicated that an hour’s heating of the 
ES at 98° C. in three times its weight of slightly acid solution (at 
east 0.1 per cent) yielded a fair quantity of good-quality pectin. 


Samples 1 to 5, inclusive, of the pectins shown in Table 3 were of 


poor quality, because of the low acidity. There was no advantage in 
extracting the pectin above the simmering temperature of 98°C. The 
finer the peel, the more readily the pectin was removed. 

In order to determine the proper acidity and feasible number of 
extractions, 1,800 grams of finely ground lemon peel was divided into 
eight lots of 225 grams each and extracted twice for 45 minutes at 
98° C. Additional extractions were made on samples 3 and 6. All 
of these results are given in Table 8. 


TaBLe 8.—Resulis of two three-quarter-hour extractions of lemon peel at 98° C., 
varying the acidity 


i 
Acidity 


: Pectin for 
s aaDle (citric ae a good 
: cid) jelly 
Per cent | Per cent | Per cent 
1 0.02 1. 92 1533 
2 12 . .98 25 
3 { 21 22 25 
21 1.22 60 
4 30 1.46 25 
5 44 1.69 25 
6 { 64 2. 26 25 
64 1.38 1. 70 
7 88 2.18 25 
8 1. 20 2.71 35 


Two 200-gram samples of one lot of lemon peel were heated three 
times at 98° C. with 0.4 per cent acid, one sample for 60 and the 
other for 90 minutes. The results are shown in Table 9. 


TABLE 9.—Results of three extractions of lemon peel at 98° C. with 0.4 per cent 
citric acid 


Time of } Pectin 
BPNo Extraction fo ebch | is Goat RD gna 
extraction jelly 
Minutes | Per cenit | Per cent 
PO MMEST Gr SeCONG= ee eee Le ee eS Le OP co eo 6 2. . 25 
De RIpGl soy ym 2d 8 ot ees Ray EROS aii rt 60 . 83 ~51 
PalpaerstyaNdSCCOnd isi. ie cae 5 eee eg a Bio eet 7. 90 2. 96 . 34 
2) ANG fy cu 3 cael een we Me SEES FL Oe ee Ge te Re Bae lee Sic d Ree Cee Ae, 90 79 . 68 
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Two 200-gram samples from 1,300 grams of grapefruit peel were 
extracted twice at 98° C. for an hour, varying the acidity. The results 
are shown in Table 10. 


TaBLE 10.—Resulis of two 1-hour extractions of grapefruit peel at 98° C., varying 
the acidity 


“a Pectin 

Sample ners Pectin for a 
No. acid) in peel good 
jelly 


Per cent | Per cent | Per cent 
1 0. 02 1, 0. 86 
2 . 34 1.95 41 


Although a good yield of pectin is obtained in two extractions with 
0.02 per cent acid, the jellying quality of such pectin is poor. Pectins 
of much higher jellying quality are obtained when at least 0.1 per 
cent of acid is present in the solution, and the quantity extracted 
increases with the increase of acid. After two extractions, the pectin 
is of inferior jellying quality. A third extraction yields enough pectin 
to warrant the extra cost if 1t were not of a poorer quality, but the 
fourth and fifth extractions are not of economic value. It is believed 
that 0.3 to 0.6 per cent acid is enough to produce pectin of good 
quality in two extractions of one hour each, and that possibly tartaric 
acid and other organic acids can be used. Although a little more 
pectin is obtained by heating for one and one-half hours, the quality 
of the product is not quite so good. 


PREPARATION OF CONCENTRATED SOLUTIONS AND POWDERED 
PECTIN 


The concentrated extracts are bitter, and jellies made from them, 
containing as little as 0.25 per cent pectin, although of good consist- 
ency, have aslightly bitter taste. The concentration of pectin extract 
for the production of a satisfactory solid product was studied. 

One hundred and sixty kilograms of pectin solution was obtained 
from 91 kilograms of lemon residue by two extractions. Bakers’ 
yeast was added, and the mixture was allowed to ferment for four 
days at about 30° C. It was than clarified by adding 3 per cent by 
weight of kieselguhr, boiling, and filtering. As kieselguhr removes 
little pectin, if any, and is the best clarifying medium of those tried, 
it was used throughout the work. 

Although the pectin was not destroyed by the fermentation, its 
jellying quality was impaired Thirty kilograms of the fermented 
extract was concentrated to 5.5 kilograms by freezing and centri- 
fuging three times. After experimenting with a 40-gallon silver- 
lined vacuum pan and a small medicinal type atomizer, a spraying 
apparatus that produced about 50 grams of a very fine, light-colored 
powder at a temperature in the pan of 54° C. was arranged. The 
rete thus obtained was very bitter; but, after extraction in a 

oxhlet apparatus with 95 per cent alcohol, a lighter-colored powder 
without a trace of bitter taste was obtained. The composition of 
the solutions and the powder is given in Table 11. 


a a 


s 
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TaBLE 11.—Composition of pectin solution and powder made in the laboratory 


Composition 
Product 
: Total 
Total Acid as F 
P Ash ARE sugar as | Pectin 
solids citric iit 
Pectin solution: Per cent | Per cent | Per cent | Per cent | Per cent 
RIOT 2 ki wee Pee Sey ie es eS 6 is Die ae oe Pe Se 0. 38 0. 80 0. 82 
Atter fermentation@s 222 ste Png AE Siete ea Mae 35 13 
IGG GOnCEnITALION £45 - aoe ot ce bce s. 12. 49 0. 88 L805 |S i552) 2 ce 4. 20 
Pectin powder 
Teas be OR 2S ET ges BL oe he es BT hee Se ho 94. 95 7. 12 14340; pod Sie 31. 00 
AiteY Alcanol extraction. 22). 22 ee 8 89. 10 9. 81 6.9002 Se we 44. 70 


From another lot of lemon residue, 38 kilograms of concentrated 
extract was made by freezing. This was shipped to a powdered- 
milk company, which returned about 1,300 grams of very bitter 
powder, stating that the material could be dried satisfactorily by 


their process, but that much had been lost in their apparatus. An 


analysis of this powder showed the following results: 


ERT a FiO be oo ce 8 a EIT ete 3. 62 
UPAR RCT ACEI G) eee a a Se ae ee b-ha 
EEE fy I eee ere een I ee ae eet 43:7 


Perce Cr ibe (er Cent) 26) lk ee So awe eee 52. 9 
RE hs es Se Ya te by 
STI tse ee hl Rc ee Oe eS a 
nn MaRS Se TICC IAL) 3 te 4,19 
Alkalinity of water-soluble ash (cc. 0.1 N hydrochloric acid per gram)__._. 4 
Alkalinity of water-insoluble ash (cc. 0.1 N hydrochloric acid per gram)__ 6.3 


IIE TE ECE ICE IY ote ee Trace. 
a SO Ses 5 Re SS apc 0 eC None. 
Serer Pe Tr@entt fe ots be ee a ea ee eel 0. 40 
30; in ash (per- cent). ....-........ SAT SCE ERE ean rene Ca Say | Oe es ere 4.3 


Apparently concentrated pectin solutions can be powdered and 
then extracted with a suitable solvent to yield a satisfactory product. 
A 60 per cent alcohol, denatured with benzol, methyl alcohol, or 
ethyl acetate, can be employed, if care is taken to thoroughly remove 
the denaturant when drying. 

As the spraying process 1s expensive and as the work previously 
conducted indicated that alcohol was the most suitable substance 
for the precipitant and the washing material, an effort was made 
to devise a process employing as little of the reagent as possible. 
Upon adding a viscous sirup of pectin to 1144 volumes of 95 per cent 
alcohol, a heavy gelatinous mass was thrown down. This mass 
could be freed from the solution by pressing or centrifuging, but it 
could be washed only with difficulty. Upon dissolving the unwashed 
pectin in water and distilling off the alcohol, however, a pectin 
concentrate having only a slightly bitter taste can be produced. 

If the pectin extract is evaporated to dryness, it becomes tough 
and brittle and sticks to the container. After reduction to a fine 
powder, great difficulty was experienced in removing the bitter 
taste with hot 60 per cent alcohol. 

It finally became evident that if the pectin solution was concen- 
trated to a thick paste, containing from 25 to 50 per cent of solids, 
@ minimum quantity of alcohol would remove the bitter substance 

14730°—26}——2 
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and combine with the paste to form a granular nongelatinous mass, 
from which the solvent could be removed by pressure before drying. 
A continuous system of washing and a constant temperature of about 
60° C. were advantageous for large quantities of the paste. The best 
temperature for concentrating the pectin solution was 60° C. Much 
higher temperatures impair the jellying power of the pectin and give 
a dark product. Asa preliminary treatment the freshly ground resi- 
due or peel was okies overnight in three of four times its weight of 
water, the excess of which was poured off. In this way much of the 
bitter matcer and of the color, but only a trace of pectin, was removed. 

The results obtained by using 60 per cent ethyl! alcohol in preparing 
pectin paste were compared with those obtained by using 60 per cent 
ethyl alcohol denatured with 5 per cent methyl alcohol, ethyl acetate, 
and benzol, respectively, in the following experiment: 

Four hundred cubic centimeters of pectin extract containing 0.02 
per cent acid, and therefore of low jellying power, was precipitated 
with 60 per cent alcohol, washed, and dried. Forty-five hundred 
cubic centimeters of the same extract was evaporated below 60° C. 
to 360 grams of paste, which was divided into four parts, placed in 
Erlenmeyer flasks, heated for an hour at 60° C. with 200 cc. of the 
mixtures listed in Table 12, and dried. 


TaBLE 12.—Effect of denatured alcohol in preparation of pectin 


Pectin 
Seiipis Dried Calcu- uired 
eS Treatment material | ty ary lated nee & 
material pact good 
= jelly 


Grams | Per cent | Per cent | Per ce 
1} Precipitated with ethyl! alcohol. 2.22. -2__22222222.__s ; 0.0 .39 0.4 
2.)..Paste: ethyl ,alcenol: 3 -& ee 23 ee ee C Bi) 5 
3 | Paste; ethyl alcohol and 5 per cent methyl alcohol___. 43 5 
4 Paste; ethyl alcohol and 5 per cent ethyl acetate_____. -43 5 
5 | Paste; ethyl alcohol and 5 per cent benzol__.__-_.__.. .38 5 


As the quantity of pectin, calculated from the dry matter of the 
original extract, was within the experimental error for each of the 
alcoholic mixtures, the results show that the denatured alcohols are 
as suitable for purification as ethyl alcohol. The jellying power of 
the pectin in the paste was only slightly affected by the concentration 
and washing. 

Several lots of pectin were made by the following method: The 
pectin solution was concentrated to a thick paste (from 25 to 50 per 
cent solids) and washed with alcohol denatured with benzol. Al- 
though the facilities in the laboratory did not permit the production 
of pectin on a large scale, this method is here proposed for use on the 
commercial scale. The operation on one lot was as follows: Thirty 
liters of water was added to 8.6 kilograms of finely ground peel from 
slightly green lemons, and, after remaining on the peel overnight, 
was pressed out. The residue was heated twice for an hour at 98° C., 
with 25 liters of water containing 0.4 per cent of citric acid. The 47 
liters of extract obtained was filtered, using 2 per cent of kieselguhr. 


EE —E———— 
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For comparison, three liters of the filtrate was precipitated with 
one and one-half volumes of 95 per cent alcohol in the usual way and 
washed, using the equivalent to 5,500cc. of 95 per cent alcohol. This 
gave 16.4 grams of crude pectin. 

Twenty-nine liters of the same filtrate was evaporated in small lots 
on the steam bath below 60° C. in a strong current of air to a paste 
weighing 2,200 grams and containing 25 per cent of total solids. Cal- 
culation showed that about 3,300 cc. of 95 per cent alcohol would be 
required to combine with the water present in the paste and form 
a 60 per cent alcohol mixture. The following method was used for 

urification: 1,300 cc. of 95 per cent alcohol containing 5 per cent 
Henzo! was added to the paste and stirred, and after a short time the 
alcohol was absorbed. The granular mass produced was divided into 
four parts and placed in Erlenmeyer flasks. To each of two of the flasks 
500 ce. of 95 per cent alcohol was added and the whole was heated 
to 60° C. The washings were pressed out and added to the other 
two flasks, with an additional 1,000 ce. of alcohol. These flasks were 
heated to 60° C., and the washings were pressed out and set aside. 
Meanwhile 900 cc. of 60 per cent alcohol was added to one of the 
flasks and heated to 60° C. The washings were pressed out and 
added to the other flasks in rotation and the heating was repeated. 
Then 600 tc. of 60 per cent alcohol was added in rotation and heated. 
By this means only 4,200 cc. of 95 per cent alcohol were required, as 
compared with 5,500 ec. used in the precipitation of about one-tenth 
as much pectin extract. 

The washed material was dried below 70° C. and finally placed in 
the water oven. One hundred and ninety-two grams were obtained. 
The pectins were then ground and examined, with the results shown 
in Table 13. 


TABLE 13.—Composition of precipitated and washed pectins 


Composition 


Pectin ae oo 
ot cid as ° 

solids Ash citric Pectin 

Per cent | Per cent | Per cent | Per cent 
TDPEDIL Te ilt 2 aR 8 ee a ee os aS Se ee ee ee 1. 97 0.11 0. 42 0. 48 
LEGER ICLS 27 pith 72 gh a ob oP Re eS aera ee eels 88. 20 1.81 . 40 85. 86 
SS LET, FEST TL i IA ae ae a ee ee aT IES AN 94. 65 (anit h 8.10 66. 30 
SOREL IWS Sy Cr a a ee eee 66. 00 53. 00 88. 00 9. 00 


1 Quantity required for a good jelly, 0.4 per cent; actual pectin, 0.3 per cent. 
? Quantity required for a good jelly, 0.8 per eent: actual pectin, 0.5 per cent. 


Although the jellying power of the washed sample is less than that 
of the precipitated sample, owing no doubt to the length of time 
required to evaporate the solution on the steam bath, this pectin 
may be graded as fair. On a large scale, the evaporation could be 
made in a vacuum pan, or better, on a revolving steam drum or some 
similar arrangement, where a little solution is rapidly evaporated 
toapaste. Thus, using a continuous counter-current washing device, 
a minimum quantity of 95 per cent alcohol would be required to 
unite with the water in the paste and form a 60 per cent alcoholic 
solution. The alcohol and also the acid can be recovered from the 
washings, 
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COMPOSITION OF APPLE, LEMON, AND ORANGE PECTINS 


Samples of lemon and orange pectins, obtained by double alcoholic 
precipitation, and a sample of apple pectin, obtained by washing apple 
pomace three times with boiling alcohol and precipitating the water 
extract with alcohol containing hydrochloric acid, were analyzed 
by E. K. Nelson, of the Bureau of Chemistry. The alcohol precipi- 
tate and pectic acid were determined by the method of Wichmann 
and Chernoff (57), and the calcium pectate by the Carré-Haynes 
method (13), while the Zeisel method was employed for the methoxy 
number. The methods of the Association of Official Agricultural 
Chemists were used for determining the araban and galactan. The 
results are given in Table 14. 


TABLE 14.—Composition of pectins 


Composition 
Sodium 
7 2 Specific 
Pectin ee Blea a ea © A Meth- al rota- 
. tai : ) ectic| Calcium alac- | tion 
Ash | Acidity ape precipi-| acid | pectate eh = Araban tan 
hydrol- tate 
ysis 
Grams 
NaOH 
Per | per 100 Per 
cent | grams | Per cent|Per cent) cent | Per cent| Per cent | Per cent| Per cent | Degrees 
Apples — 2.4: 0. 70 3. 86 14.10 | 96.72 | 63.86 98. 00 10.90 | 39. 68 65. +210 
Lemon..-.-_- 5, 42 3. 86 13. 58 89.90 | 62. 76 96. 80 10. 26 39. 12 58.92 | +206. $ 
Orange--.-- . 90 1. 00 12.06 | 81.76 | 54.80 84. 60 8.85 | 34.96 56.08 | +175 
Calculated to aleohol-precipitate (pure pectin) basis 
Applesstten| is. 2s ea 3. 99 ANC ety jal |B eae 665 02(2-s 3 11.27 41. 02 67. 78 | +217.1 
hemon=2524)22 "| saws 4, 29 3 0) Neon 69a 42-54 aes 11. 41 43. 51 65. 54 | +229. 7 
Oranges 2ie eae: |e 1. 22 Ve Wee? (a | (eran Sa Gf 020) aoe oe 10. 82 42.76 68. 59 | +214 


The apple pectin is much purer than the citrus pectins. When 
calculated back to the pure pectin basis, however, no great differences 
were noted in the chemical composition, and no hope of being able 
to distinguish between them chemically is indicated. 


PROPORTIONS OF ACID, SUGAR, AND CITRUS PECTIN NECESSARY 
TO PRODUCE JELLIES 


Goldthwaite (27) studied the proportions of sugar and acid and 
the quantities of invert sugar produced in making fruit juice jellies, 
but paid little attention to the percentages of pectin actually present. 
Cruess and McNair (16) found that with a 1 per cent solution of 
orange pectin, a concentration of 0.3 per cent acid is necessary to 
give a firm jelly. Singh (44) studied the relations of pure citrus 
pectin, pure citric acid, and sugar in detail, but evidently used a 
pectin of poor jellying power, as a minimum of 0.9 per cent was 
required to jelly. He states that to prepare the pectin solution 
commercial powdered citrus fruit pectin was leached in boiling water 
and filtered through felt, four extractions bemg made. Possibly the 
lack of acidity in the extracting solutions yielded a pectin of low 
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jellying power. Barker (3) states that pectin must be present in , 
quantities of 0.5 per cent or more to give a good cider apple jelly. 
Tarr (48) found a direct relation between jelly formation and active 
acidity of hydrogen-ion concentration, which can not be correlated 
with total acidity. The minimum hydrogen-ion concentration at 
which jelly formation occurred was pH 3.46. 

By the standard test used throughout this work for determining 
the jellying quality of the citric acid pectins obtained (p. 5), it was 
found that 0.20 per cent pectin in the finished product gave a good 
jelly in one instance and 0.25 per cent in several other instances. In 
order to determine the variations in citric acid and sugar that could 
be used with the better grades of pectin, a large number of tests were 
made by this standard-jelly test. 

Six pectins of high-jellying quality were obtained from three lots 
of lemon peel as felis: No. 1, from peel No. 1, by extracting for 
45 minutes at 98° C. in 0.1 per cent acid solution; No. 2, from peel 
No. 1, by extracting for 15 minutes at 98° C. in 0.1 per cent acid 
solution; No. 3, from peel No. 1, by extracting for 4 hours at 70° C. 
in 0.1 per cent acid solution; No. 4, from peel No. 2, by extracting 
for 30 minutes at 98° C. in 0.1 per cent acidsolution; No. 5, from peel 
No. 3, by extracting for 45 minutes at 98° C. in 0.1 per cent acid 
solution; No. 6, from peel No. 3, by extracting two samples twice 
for 45 minutes, one in 0.1 per cent acid solution and the other in 0.5 
per cent acid solution, and then combining the two. The pectins 
were precipitated from solution twice with alcohol, washed, dried, 
and ground. 

The effect of using varying quantities of citric acid with 0.26 per 
cent of pectin 1, 2, 3, and 4 was tested. The results are shown in 
Table 15. All of the percentages are based on the finished jelly. 

A good jelly was obtained with as little as 0.045 per cent of acid. 
The 0.5 per cent acid jelly was considered the best tasting and enough 
of the sucrose (about 65 per cent) was inverted to prevent crystalli- 
zation. 


TaBLe 15.—Effect of variation of acid on consistency of jelly (pectin and sucrose 
nearly constant) 


{| 
Citric | Consistency of | 
i jelly 


= = Citric | Consistency of 
Sample No. aid Sample No. Se - le 
Pectin 1 Per cent Pectin 2: Per cent 
2 La ee Ses 0 Sirup. | oe My ae eee Pe eae 0.027 | Sirup. 

2,4, Dos Bake SS eae . 020 Do. CA Re ee 035 Do. 

eee eee ey EY I .040 | Barely jellied ee at Pol als 1S ee BE 039 Do 

th see .045 | Good jelly. pion et Se are . 046 Do. 

5 A aes SE ee . 052 Do. Be SASS PLAS .048 | Good jelly. 
(iia as . 080 | Do. res eer ee aes 049 Do. 

ite ere SF . 100 | Do. Pectin 3: 

mepoee Att tere t . 200 Do. Rb aR OP ei ey .020 | Sirup. 

eae See . 300 Do. Fees i ye SS .046 | Fair jelly. 
aca 2 . 400 Do. 5 al ed Se ae .073 | Good jelly. 
| eye ee eee . 500 Do. Pectin 4: 
Mee Seen FN ae . 600 | Do. te ad gre Se ara .020 | Sirup. 
RS eae eae ae . 750 | Do. BEF. STILT . 043 Do. 
Cans ee Sees . 900 | Do. ot SO Si stp es: . 046 Do. 
| AE Se eS Dee. 1, 300 | Do. oA SL yg Bk .056 | Fair jelly. 
2 ae 1. 800 | Do. ee ee ae .065 | Good jelly. 
iv) 2 OS See ee Peas | 2. 500 | Do LT ee 073 | Do. 
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Standard-jelly tests on pectin 5 and 6 were next made, using 0.5 
per cent of acid, 0.25 per cent of pectin, and various quantities of 
sucrose. The water was either increased or decreased, so that the 
final jelly weighed about 50 grams. The results are noted in Table 16. 


TABLE 16.—Effect of variation of sucrose on consistency of jelly (acid and pectin 
nearly constant) 


Sample No. Sucrose Consistency Sample No. Sucrose Consistency 


Pectin 5: Per cent Pectin 6: Per cent 
eee ee 40.0 | Sirup. [item teen eee eee 35. 6.| Sirup. 
7 a gia TS a a 43.5 | Fair jelly. Dope s Ne aT 39. 1 | Do. 
Srna 4 2h od tm 48.9 | Good jelly. Sin crag ne pee 43.5 | Barely jellied. 
ES A A Te EM bane Do. 412 Wap eae 46.8 | Fair jelly. 
5 dee ess 54. 9 Do. Oe er PE 50.0 | Good jelly. 
Gee een eee 62. 5 Do. Ofna e eae ss Layal Do. 
yeas moe See ee 63. 2 Do. (AL Serene 56. 0 Do. 
ee POS 64. 0 Do. ARR otha a 60. 0 Do. 
Osshi Fe ee 65.3 | Fair jelly. (Se EG Ce 8 Carer 65.3 | Fair jelly. 
TD Rit see 2 ae 66. 0 Do. 1) Ek. ES Soe cee. Cee 68. 0 Do. 
I pale Tote eae ele 68. 6 Do. ‘ HN, 2 eee SE re 70.6 | Barely jellied. 
1 Bae nl og 3 74.5 | Very viscous sirup. 2 fo Peas eile 74.5 | Very viscous sirup. 
1 1 ee eg ee SE 80. 0 Do. 


Ie 55k e 76. 9 Do. 


Further tests were made with pectin 6, increasing the quantity of 
pectin. The results are shown in Table 17. 


TasLe 17.—Effect of variation of pectin and sucrose on consistency of jelly (acid 
nearly constant) 


Sample No.| Pectin | Sucrose Consistency Sample No.! Pectin | Sucrose Consisteney 
Per cent | Per cent Per cent | Per cent 

1 0. 43 40.0 | Sirup. 12 0. 60 69.4 | Very viscous sirup. 
2 43 43.5 | Barely jellied. 13 a 40.0 | Sirup. 
3 . 43 46.8 | Good jelly. 14 ih 41.6 | Good jelly. 
4 - 43 62.5 Do. 15 Sue 52.5 | Fair jelly. 
5 .43 64.0 | Fair jelly. 16 SY 64.0 | Barely jellied. 
6 . 43 68.0 | Very viscous sirup. ie . 93 34.8 | Sirup. 
Ch . 60 38.3 | Sirup. 18 - 93 36. 7 Do. 
8 . 60 40.8 | Good jelly. 19 . 93 40.9 | Good jelly. 
9 . 60 46.8 Do. 20 . 93 42.1 Do. 

10 . 60 51.4 Do. 21 LY 37.5 | Sirup. 

1l . 60 57. 1 | Barely jellied. 


The results in Table 16 show that the jellies produced were good 
when they contained between 50 and 65 per cent of sucrose, but the 


consistency of jellies having more or less than these proportions was — 


poor. If the percentage of pectin is gradually increased to 0.93, the 
proportion of sugar necessary for good jelly decreases to about 41 per 
cent as a lower limit and to about 52 per cent as an upper limit. 
(Table 17.) 

The results of varying all three of the jelly constituents in pectin 6 
are given in Table 18. Increasing the acid or pectin within reason- 
able limits above those noted in the tables will not decrease the pro- 
portion of sugar required. With a definite ee of pectin there 
is only a small decrease in sugar as the acid is increased. : 
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TABLE 18.—Effect of variation of pectin, acid, and sucrose on consistency of jelly 


.- | Total | H Be: | Total 
Pectin | Citric |cucaras Consistency | pene Pectin ae ‘sugaras| Consistency 
| Sucrose | | Pee Pegtede sucrose 
cpm ated nic pa AO ee OM aN a 
| 
Per cent Per cent. Per cent Per cent Per cent Per cent 
0.26} 0.82| 39.1! Sirup. 14) 0.60} 1.07| 40.0 | Sirup. 
.26| .82| 43.0 Barely jellied. 15| .60] 107| 430 | Good jelly. 
. 26 | 2 82 47.8 | Fair jelly 16 } . 60 ht 34.8 | Sirup. 
.26| 1.07} (39.1 | Sirup. 17} .60} 151} 40.0 | Good jelly. 
. 26 | 1.07| 45.8 | Fair jelly. 18 77 .82| 39.1 | Barely jellied. 
-2%| L51} 47.8 Do. 19} .77| 1.07! 39.1) Good jelly 
.43| .82| 39.1 | Sirup. 20 -77| 1651} 35.5 | Sirup. 
-43 | _.82| 43.0 | Good jelly. 21 . 93 .82| 39.1 | Good jelly 
43| 1.07 | 40.0} Sirup. 22|  .93| °1.07| 35.5] Sirup. 
.43 1.07} - 43.0 | Good jelly. 23 .93 | 1.51} 348 | Do. 
-43:| 1.51 | ~ 39.1 | Sirup. me p= ere Aa Oe oe Do. 
. 60 ad hades ce Do. 2 Lll| 113) 36.4 | Good jelly 
60 82 | 43.0 | Good jelly %|° Lil] Ls} 33.3 | Sirup. 
: J 


In making jellies with orange juice much less inversion of the 
sucrose was obtained than when working under like conditions with 
equivalent quantities of acid and pectin solutions, owing to the 
presence in the juice of inorganic salts, which, as noted by Browne (8), 
will diminish the inversion velocity of the acid. A sample of orange 
jelly stock containing 0.27 per cent of ash was jellied by the standard 
test (boiling for 1 minute) and also by boiling for 5, 10, and 15 minutes. 
The pectin was then precipitated from some of the jelly stock and 
redissolved in enough distilled water to give the original concentra- 
tion of pectin, and the jelly test was made. The pectin-free stock 
and a solution of the ash after being made up to their original con- 
centration were then given the standard jelly test. The results are 
shown in Table 19. 


TABLE 19.—E#ffect of mineral matter of orange juice on inversion of sucrose 


| 5 | 
Sample | : Citric Invert 
No. Material acid sugar 
Original stock solution: | Per cent | Per cent 
1 Serene A; STEEL Ts Sn he Td ec ee 0. 52 | 10. 87 
2 ES ORISSEA OP EER PIABERSS, 952 Shs Bioeh NF ay ft dk) og Se eee ees - 59 | 19. 02 
3 bart i LS iiss) oe ee ee A es eee SS SS ee . 53 25. 58 
4 Bowledss muintites 9355) s5ryt e efite @ bees segs gra eerinws of - 4 35. 87 
Precipitated pectin solution: | 
5 EMIPRACLS® HRERIET, Olsen SOU we teh te are, Pe ree ee ee ca . 46 | 32. 61 
6 agit sb uideies ee We Bs es et TEAS 48} 50.27 
Stock solution freed of pectin: 
Z rE PO red ee ee Ne a, Pee Se oe eee 51 | 11, 41 
8 LE TRS Pa Pe eee ce oe sapere et, | Am i pip ianemeete: Senin Denby alee . 4 | 18. 66 
Solution of ash: 
-) Pailed teasing ets! vege ye hep ig ye es) oper») LR TOTY wh | . 43 10. 33 
10 ERE i RRB a se on te BSD a gn el he ek een ht . 49 19, 02 


HOW TO MAKE CITRUS JELLIES AND MARMALADES 


As a result of the work here reported, a rapid and dependable 
method for making orange jellies and marmalades on a large scale, 
which standardizes the product as to color and consistency, has 
been developed. This method is described in Department of Agri- 
culture Circular 232, ‘ By-products from citrus fruits.” 
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SUMMARY 


The properties of citrus pectin and methods for its production 
were studied. 

The dialysis of pectin extracts In an osmogene containing collo- 
dion-impregnated cloth membranes removed most of the bitter prin- 
ciples, but the dialysis was too slow and about one-third of the 
pectin dialyzed. . 

The best method of extraction was to heat the finely ground peel 
or residue with acidified water and clarify the expressed extract with 
kieselguhr. 

The bitter pane was removed with alcohol from powdered 
pectin prepared from concentrated solutions of pectin in the laboratory 
and in a commercial plant. 

A process whereby the pectin extracts are concentrated to a paste 
and washed by a continuous system with a minimum quantity of 
denatured alcohol was devised. 

Little hope is indicated of distinguishing chemically between 
lemon, orange, and apple pectins; the composition, when calculated 
to the alcohol-precipitate nee is much the same for each product. 

A standard jelly test for determining the quality of the pectins 
produced throughout the investigation was developed. 

The proportions of citric acid, sugar, and citrus pectin required 
to give good jellies were determined.- The lower limit in the finished 
jelly for citric acid was 0.045 per cent, for pectin 0.20 per cent, and 
for sucrose 37 per cent. 
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